Absent or hypoplastic pulmonary valve is an uncommon condition usually associated with a ventricular septal defect and an obstructive pulmonary valve ring. Secondary abnormalities involving the pulmonary arteries and major bronchi are common, and many result in severe pulmonary complications. 
quences; and 3) to review all reported cases with particular reference to the anatomic details, varied clinical course and results of therapy. Recommendations for management based on our experience, and a review of the literature are included.
Material and Methods
Between June 1966 and June 1973 eight patients with absent pulmonary valve, ventricular septal defect and right ventricular outflow obstruction were diagnosed and their conditions verified at cardiac catheterization. At the time of initial catheterization their ages ranged from 1 day to 1½/2 years (table 1) . Five patients underwent a second catheterization at 2, 20, 29, 30 and 68 months respectively after the initial study. The physical findings, roentgenograms, electrocardiograms, cardiac catheterization data and cineangiograms were analyzed and compared with those of 106 patients reported in the literature. Two of our patients died and were studied at autopsy.
Results
Physical findings were similar in all eight cases and were essentially the same as those reported previously. ". 14, 19, 22, 23 Cyanosis and a cardiac murmur were noted at birth or shortly after birth. Cyanosis became less apparent during the first week of the newborn period in 7 of the 8 patients but persisted throughout a stormy hospital course in the eighth.
A prominent left parasternal impulse suggestive of right ventricular hypertrophy was present in each. 14 248/ 16 22/14 16 20/10 16 22/12 18 30/20 25 pulmonary artery was also interrupted. In one patient both right and left pulmonary arteries were massively dilated while in another the left pulmonary artery was aneurysmal. A striking association was found between the lateral orientation of the infundibulum and the pulmonary artery which was most dilated. Those patients with displacement of the right ventricle towards the left and a long infundibulum that was oriented from left to right had an aneurysmal right pulmonary artery. Of the two patients with vertical and leftward orientation, one had dilatation of both right and left pulmonary arteries and the other of the left pulmonary artery.
Pulmonary arteriograms were performed in the six patients in whom the pulmonary artery was entered. They all demonstrated dilatation of the proximal portion of the pulmonary arteries and moderate pulmonary insufficiency which are the hallmarks of this condition. The distal pulmonary arteries were normal.
The massively dilated right pulmonary artery caused depression of the roof of the left atrium in two cases and displaced the pulmonary veins anteriorly in a third. In the two patients in whom the pulmonary artery could not be entered, slow clearing of contrast material from the right ventricle suggested pulmonary insufficiency.
The aortic arch was normally situated in five patients and was right sided in three. In all the-ascending aorta was dilated and the aortic isthmus was of normal diameter. In the patient with interruption of the left pulmonary artery a small left-to-right ductal shunt was present at the initial study; however, there was no evidence of a patent ductus arteriosus when restudied at age 21/2 years, and the left lung was supplied entirely by well developed bronchial collateral vessels.
Follow-up information is available on seven of the eight patients. Two have been subjected to operation because of repeated pulmonary infections and right sided heart failure. Case 5 underwent a right middle lobectomy because of marked emphysematous changes in that lobe, the result of compression of the right main bronchus by the dilated right main pulmonary artery. He has progressed well since then, is no longer in cardiac failure nor prone to recurrentpulmonary infections. Case In the past the hemodynamic features of absent pulmonary valve with intact ventricular septum have not been separated from those of absent pulmonary valve with obstructive pulmonary valve ring. As both the fetal and postnatal hemodynamics of these two conditions probably differ, separate discussion is warranted.
It has been postulated" that because of conditions present in the fetus, massive pulmonary regurgitation could produce prenatal congestive cardiac failure in those with absent pulmonary valve and intact ventricular septum. In the fetus, pulmonary arterial pressure is at systemic levels, and there is free communication with the systemic arterial circuit through the patent ductus arteriosus. Under these circumstances absence of the pulmonary valve could lead to an aortic runoff through the patent ductus arteriosus and pulmonary trunk into the low pressure right ventricle during diastole. The amount of aortic runoff would depend on the resistance offered by the patent ductus and the compliance of the right ventricle. It is likely that the low resistance placental circulation in the fetus would tend to favor forward flow. This may in part explain the rarity of intrauterine congestive failure in this condition. Should tricuspid regurgitation supervene as a result of the right ventricular diastolic volume overload, it is conceivable that retrograde ductal flow would be substantially increased with ensuing intrauterine congestive cardiac failure. The latter has been reported in only one of eight cases of absent pulmonary valve with intact septum.9
The hemodynamic considerations are quite different in fetuses with absent pulmonary valve, ventricular septal defect and obstructed pulmonary valve ring. As The ductus arteriosus is of interest in this condition. In the presence of severe pulmonary outflow obstruction ductal flow in utero would tend to be reversed, i.e., from the aorta to pulmonary artery. Depending on the severity of the stenosis, flow through the ductus would be equal to or less than flow through the pulmonary circulation.
In patients with severe pulmonary obstruction the ductus is narrow and connects with the descending aorta to make an inferior acute angle in contrast to the inferior obtuse angle found in normals. 38 The association of a small patent ductus arteriosus and isolated absent pulmonary valve has been reported in three cases,9' 1 but has not been documented in those cases with obstructed pulmonary valve ring and a ventricular defect unless there is also interruption of the left pulmonary artery. It would thus seem that retrograde ductal flow does not contribute significantly to postnatal hemodynamics except in those cases with interruption of the left pulmonary artery where it may be the main supply of blood to the left lung.
The predilection for interruption of the pulmonary artery in this combination of lesions suggests that altered fetal flow patterns may be the cause of the atretic portion, i.e., direction of flow from the main pulmonary artery toward the right may predispose to the development of an atretic portion at the origin of the left pulmonary artery. In these patients the left pulmonary artery is supplied by a small patent ductus, and in them it is not possible for aorta to pulmonary artery flow to enhance pulmonary insufficiency or to produce right pulmonary artery dilatation. The finding of dilatation of the right pulmonary artery and not of the left suggests that the dilated pulmonary arteries are related to the pulmonary stenosis and/or insufficiency and not to ductal shunting.
Owing to the relative rarity of absent pulmonary valve and ventricular septal defect most reports have been of isolated cases or small groups of cases. Our series of eight patients has been studied with particular emphasis directed towards assessing the natural history of the disease. We have combined our experience with that reported in the literature and have been able to draw certain conclusions.
Although a male preponderance has been commented on,17 this is not confirmed by the reported cases. Of the 116 reported cases, the sex is indicated in 77, and in those the male: female ratio is 1:1 (37 male:40 female).
Little attention has been directed to the course of cyanosis in these patients. It is of considerable interest that although cyanosis was usually present in the neonatal period, cardiac catheterization after four weeks almost invariably revealed arterial oxygen saturation above 89% except in those with severe continuing pulmonary disease. All our patients were observed to have moderate cyanosis in the newborn period, but this was not apparent after one week of age except in the one patient with pulmonary problems who had progressive cyanosis.
The loss of cyanosis and the occurrence of predominant left to right shunts is probably the result of the decrease in pulmonary vascular resistance which normally occurs in the neonatal period.39-C Two mechanisms are probably operative, one related to systolic afterload, the other to diastolic overload. The high pulmonary vascular resistance immediately after birth together with pulmonic stenosis probably imposes a total pulmonary resistance sufficient to cause right to left ventricular systolic shunting. Diastolic right to left ventricular shunting would be the result of increased diastolic pressure associated with the diastolic overload imposed by the pulmonary insufficiency. A reduction in pulmonary vascular resistance would be associated with a reduction in total right ventricular outflow resistance to a degree which permits left to right ventricular systolic shunting. Pulmonary regurgitation would also diminish with a resultant decrease in right ventricular diastolic overload and less right to left diastolic shunting. A small amount of diastolic right to left shunting may persist even in the presence of a moderate left to right ventricular systolic shunt.
Most of our patients, as well as the vast majority of those reported, had predominant left to right shunts; however, mild systemic arterial desaturation was common, particularly in infants with pulmonary problems. In the absence of pulmonary venous samples one cannot state whether the arterial desaturation was the result of right to left intracardiac shunting and/or the result of pulmonary disease.
Pulmonary complications were the direct result of tracheobronchial compression by dilated pulmonary arteries. The compression involved the anterior aspects of the lower trachea and major bronchi, particularly the right (fig. 2B ). This pattern of bronchial compression differs markedly from that seen in patients with large left to right shunts and pulmonary hypertension ( fig. 2C ) or in those patients with enlarged left atrium ( fig. 2D) . 42 Depending on the severity of bronchial obstruction, emphysema and/or atelectasis were commonly seen.
Bronchial compression by distended pulmonary arteries is a particular problem in early infancy and may improve spontaneously towards the end of the first year. Several factors account for this improvement, and these are related primarily to maturational changes in the tracheobronchial tree and the lungs. 42' 43 In the infant the cartilagenous, muscular and elastic support of the airways is weak. Normally there is partial collapse of the lower airways during expiration, and this collapse may be exaggerated with increased expiratory excursion. These weak-walled structures are particularly susceptible to compression by distended pulmonary arteries. With growth the bronchi become firmer and more resistant to deformation. In addition the bronchial lumina increase in caliber, consequently the same degree of compression would produce less airway obstruction than in the smaller bronchi of young infants. Furthermore, the pores of Kohn allow collateral ventilation in the event of bronchial obstruction; however, these structures are poorly developed in infants. Altered hemodynamics may also play a role in decreasing pulmonary problems with increasing age. An increase in the severity of outflow obstruction with a resulting lessening of pulmonary arterial pressure and/or insufficiency would tend to decrease the distension of the proximal pulmonary arteries.
The pulmonary arterial tree shows several interesting features in these patients. The main and proximal branch pulmonary arteries are usually dilated with frequent aneurysmal dilatation of one branch of the pulmonary artery, more commonly the right. In contrast, the peripheral pulmonary vasculature is either normal or slightly increased. Ventricular left to right shunts are usually present in these patients. Since the stenosis at the pulmonary valve ring is only of moderate degree, right to left shunts are unusual beyond infancy. The combination of a left to right shunt and pulmonary insufficiency results in a large flow across the stenotic pulmonary valve ring and would account for the marked systolic pressure drop resulting in severe post-stenotic turbulence. It is probable that this turbulence is the cause of the dilated pulmonary arteries in most instances, although it has been suggested that the proximal pulmonary arteries are structurally abnormal,7 and cystic medial degeneration of the pulmonary arteries has been documented in one patient with absent pulmonary valve and Marfan's syndrome."' There was a striking association between pulmonary artery dilatation and the orientation of the infundibulum. When the infundibulum was oriented toward the right, the right pulmonary artery was aneurysmal. Similarly, vertical and leftward orientations resulted in bilateral pulmonary artery dilatation and left pulmonary artery dilatation, respectively. This suggests that the orientation of the post-stenotic jet determined which pulmonary arteries were dilated.
The abnormal orientation of the infundibulum may make catheterization of the pulmonary artery difficult Twenty-eight patients have had the ventricular septal defect repaired with resection of the hypertrophied infundibulum. Ten of these have died. In four patients, including one in our series, only the ventricular septal defect was repaired, with no mortality in this small group.'3 24, 29 It is debatable whether infundibular resection is necessary. It would appear both from our own small series, as well as from a review of the pathological data in the literature, that infundibular stenosis is rare, and that stenosis at the valve ring is usual in this condition.
It would seem reasonable to recommend closure of the ventricular septal defect as the primary procedure, where corrective surgery is indicated, unless definite evidence of infundibular stenosis is present at cineangiography. Our own experience indicates that those patients without serious pulmonary problems do quite well on medical management. Both patients in our series who died had severe pulmonary complications. Of the remaining six, four are doing well with no therapy, one had the ventricular septal defect closed, and one is scheduled for surgery because of a prolapsed aortic valve cusp.
The prognosis of patients with absent pulmonary valve and ventricular septal defect is variable. We believe that the prognosis for those patients without severe pulmonary problems is not as dismal as has been previously reported for to run a course similar to that seen in patients with mild Fallot's tetralogy. As in the latter condition, surgery can be performed at a time when the patient is adequately compensated and has grown to a reasonable size. Those patients with pulmonary complications continue to be therapeutic problems, and the best approach to management has not been determined.
